Objectives: Pain is a major symptom in patients with cancer; however information on head and neck cancer related pain is limited. The aim of this review was to investigate the prevalence of pain and associated factors among patients with HNC. Material and Methods: The systematic review used search of MEDLINE, EMBASE and CINAHL databases to December 2011. Cancers of the oral mucosa, oropharynx, hypopharynx and larynx were included in this review with pain as main outcome. The review was restricted to full research reports of observational studies published in English. A checklist was used to assess the quality of selected studies. Results: There were 82 studies included in the review and most of them (84%) were conducted in the past ten years. Studies were relatively small, with a median of 80 patients (IQR 44, 154). The quality of reporting was variable. Most studies (77%) used self-administered quality of life questionnaires, where pain was a component of the overall scale. Only 33 studies reported pain prevalence in HNC patients (combined estimate from meta-analysis before (57%, 95% CI 43% -70%) and after (42%, 95% CI 33% -50%) treatment. Only 49 studies (60%) considered associated factors, mostly tumour-or treatment-related.
INTRODUCTION
Head and neck cancer is a general name for several types of cancer. The National Cancer Institute defines head and neck cancer as "cancer that arises in the head or neck region (in the nasal cavity, sinuses, lips, mouth, salivary glands, throat or larynx)". Most head and neck cancers are squamous cell carcinomas [1] . Tumours of the salivary glands and the nasopharynx are different from head and neck cancers in their epidemiology, histopathology, and aetiology [2] , and therefore are not always included within the head and neck cancer group. Cancer of the head and neck (upper aero-digestive tracts) (oral cavity, pharynx and larynx) is, globally, the ninth most common cancer and cause of cancer mortality, with an estimated 550,319 incident cases and 305,096 deaths worldwide in 2008 [3] . Head and neck cancer remains a potentially disfiguring disease [4] . In the United States and Europe, the fiveyear survival from cancer of the oral cavity and pharynx is close to 40%, but five-year survival rates are lower in developing countries [5] . The head and neck area is highly sensitive to pain due to rich innervation and the confinement of many anatomical structures to a small space [6] . Therefore persistent pain is a common complaint at presentation and among survivors of head and neck cancer [7] . It has been suggested that the aetiology of cancer-related pain in head and neck cancer patients is multifactorial, and that pain can be due to a direct tumour effect or the result of cancer treatment or factors unrelated to cancer [6, [8] [9] . Treatment for head and neck cancer patients involves surgery, radiation and chemotherapy, and these treatment methods can cause major structural alteration and chronic pain among survivors of head and neck cancer [6, 8] . Jain et al. found head and neck cancers to be the most common cause of neuropathic pain when compared with other common cancers [9] . Thus, this systematic review aimed to examine the prevalence and the associated factors of cancer-related pain among head and neck cancer patients.
MATERIAL AND METHODS
The present systematic review was conducted using, as closely as possible, the general principals described in the Cochrane Handbook for Systematic Reviews of Interventions, version 5.0.2 [10] .
Types of participants
Only studies of adults (aged 18 years or over) were used in this review. Studies on head and neck cancer pain due to metastasis to the head and neck were excluded.
Definition of head and neck cancers
Cancers of the oral mucosa, larynx, oropharynx and hypopharynx were considered in this review because of their similarities in epidemiology, treatment, and prognosis [2] . Cancers of the lip, salivary gland, nose, sinuses, middle ear, nerves and bones, thyroid, nonmelanoma skin cancers, lymphoma and sarcomas were not considered specifically in this review because of their differences in aetiology and other factors. Studies were excluded if they combined these tumour sites with cancers of exclusion criteria unless it was possible to extract information for the included types of cancers. Studies were also excluded if it was not clear which types were included in the report.
Stage of cancers
Head and neck being the primary site of cancers, all stages of head and neck cancer were included in this review [11] .
Types of publications
The review was restricted to full reports published in the English language up to December 2011. The following publication types were excluded from the review: letters, editorials, post-graduate theses, abstracts, case reports, randomized controlled trials of treatment, qualitative studies and systematic reviews.
Outcome measures
The primary outcome measure of this review was Pain measured using various scales, e.g., Visual Analogue Scale (VAS), Verbal Rating Scale (VRS), pain Numeric Rating Scales (NRS), pain assessment as part of QoL questionnaires administered to head and neck cancer patients before or after treatment and/or for survivors of head and neck cancer. Associated factors for cancer-related pain such as stage of tumour, type of treatment, time since diagnosis, smoking, alcohol intake, age and gender of the patient and other possible factors were also considered. We included articles that reported pain domain data or median and inter-quartile range of pain data even though pain proportions were not given. Whenever mean was presented with 95% confidence interval (CI), the CI was converted into standard deviation (SD). If pain prevalence data or pain domain data were not reported but information on association of pain with factors such as http://www.ejomr.org/JOMR/archives/2012/1/e1/v3n1e1ht.htm J Oral Maxillofac Res 2012 (Jan-Mar) | vol. 3 smoking and alcohol intake was presented, those articles were included in the review. If only graphs related to pain data were presented, pain levels were measured to an approximate level. Mucositis and acute mucosal pain, where the latter could not be differentiated from mucositis, were excluded from this review.
Literature search methods for identification of studies
Search terms used in Cochrane reviews and protocols of head and neck cancer or oral cancer research and research on pain were used in the development of a search strategy for this review [12] [13] [14] [15] [16] [17] . Relevant studies were identified by searching the following databases: MEDLINE (1950 to 2011), EMBASE (1947 to 2011) and CINAHL. Detailed search strategies were developed for each electronic database based on the search strategy developed for MEDLINE. The search terms "head and neck, pharynx, oropharynx, hypopharynx, larynx, mouth, oral and tongue" were combined with the words "cancer, carcinoma, neoplasm, malignant or tumour", with different pain classifications and with the term "quality of life". The search strategy was revised appropriately for each database. The search results were imported into the Refworks [18] database; selected results from each database were combined and then duplicates were removed. The bibliographic references of identified studies and review articles were also checked to find any other studies that were missed during the electronic search. 
Data collection
Two reviewers independently scanned the titles and abstracts of all reports retrieved through electronic searches. Each reviewer classified articles as selected, not selected, or unsure if information from the title and abstract was not sufficient to make a decision. These results were compared between the reviewers and, where there were disagreements, they were discussed and a final decision was made. Full reports were obtained for each study that met the inclusion criteria based on the abstract and these were further assessed for eligibility for inclusion in this review.
Data extraction
For all included studies the following data were extracted using a specially designed data extraction form: first author, year of publication, country of study, ethical clearance approval, source of funding, study design, study duration, number of participants, participation rate, type of cancer, stage of cancer, characteristics of the study population, such as age, gender and ethnicity, study instruments used, time of pain measurement, prevalence of pain as well as information on cancer pain and on associated factors for cancer-related pain. Whenever possible, authors were contacted to clarify information reported in the study.
Quality assessment
Quality assessment of the included reports was carried using a specially designed quality assessment form. This was based on checklists developed by Downs and Black, Crombie and Vandenbroucke et al. [19] [20] [21] . The designed form included 16 items. These items were selected to assess the reporting of the aims and objectives of the study, study design, sample size and methods of selecting participants and other methodological issues, such as participation and/or follow-up rate. Further questions were included to assess whether the paper described the statistical methods and main findings of the study, validity and reliability of results, bias, generalisability of study results and limitations. The items were scored as 'yes', 'no', or 'unable to determine'.
Statistical analysis
Information from data extraction forms and quality assessment data were entered in a specially designed spreadsheet for statistical analysis. Meta-analysis was performed for prevalence and mean pain levels separately before and after treatment [22] . 
RESULTS

Description of studies
There were 82 studies included in the review (Appendix 1, Table 1 adhere to the exclusion criteria, were included [23, 24] . Yoshimura et al. [23] conducted a study among 56 oral cancer patients with only one lip cancer patient. The study conducted by Karvonen-Gutierrez et al. [24] was also included in this review despite its categorising head and neck cancer patients as "others" together with laryngeal cancer patients. The category "others" could have included any cancer that we would have excluded in this review. However, because the researchers were keen to exclude cancers not arising from the upper aero digestive system such as thyroid, parotid and skin cancers, we included their study in this review.
Because study designs were not reported in a standard manner, study design is presented as reported by the authors ( Table 1 ). In 27 studies the design was not directly reported in the methodology section. The majority of studies were conducted on a mixed group of patients with oral cavity, oropharyngeal, hypopharyngeal, and laryngeal cancers, whereas few studies were conducted by selecting one particular subsite of head and neck cancer such as oral cavity cancer (17%), laryngeal cancer (15%) or pharyngeal cancer (1%). Most of the studies were conducted in European countries (57%) and in the Unites States and Canada (27%). Ten studies were conducted in the Asian region, three in Australia and New Zealand, one in Egypt and one in Brazil. The sample size of selected studies ranged from 13 to 1761, with a median of 80 (IQR 44, 154). The majority of the studies were published after the year 2000 (84%). Most studies reported data for men and women combined ( Table 1) .
Quality assessment
Only 72 articles (88%) clearly described the aim or objective of their study and in addition, only 67% of the articles described and stated the study design in the methodology. The sample size was not justified in any of these articles, besides only 61 (74%) papers described the study setting or location. 71 papers (87%) clearly reported the main outcomes in the introduction or methods sections of the paper. The majority of the papers (84%) did not report any efforts that were taken to address potential sources of bias, but 40% (n = 33) of the papers described the limitations of their study, taking into account sources of bias. 29 articles did not specify the participation rate. In addition, it was difficult to determine the participation rate in seven articles. Out of 29 papers, 20 (69%) mentioned the follow-up rate. Most of the papers (87%) described the statistical methods used. The main findings were clearly described in 68 papers, but not clearly presented in 9 articles. In 72% of the studies the main outcomes measured were valid and reliable. On the other hand, 40% did not discuss the external validity of their study results ( Table 2) . Tables 3 and 4 show methods of collecting pain data. The selected studies used a variety of methods to collect such data, with most of them utilizing self-administered [41] used VAS and VRS in an assessment of shoulder pain in selected patients. They evaluated shoulder pain in two stages: at rest and with shoulder movements. In the preoperative evaluation of shoulder pain by VAS, no pain was reported during rest or movements, but mild pain was reported a Numbers do not add up to total (n = 82), because some studies used several questionnaires. according to VRS. Confusingly, in their discussion the authors observe that "preoperative shoulder pain was absent in our patient group". Majority of studies (61%) reported pain during past week (Table 4 ) and most (66%) investigated pain after treatment.
Measurement of pain
Prevalence of pain
Studies conducted primarily to assess the prevalence of head and neck cancer pain were minimal. 33 articles reported pain as proportions, whereas 47 studies in this review reported pain domain data. The definitions used in describing pain showed considerable variation.
Of the studies that reported pain data as proportions, 13 reported pain prevalence data of patients before treatment [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] and 18 reported pain after treatment [25, [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] . Ethunandan et al. [55] examined pain data of patients after treatment one week preceding death. Three studies either included a mixed group of patients or provided no clear information [7, 56, 57] . In ten studies, pain was specified by severity, e.g. as mild, moderate or severe pain [33, 35, 37, 41, [44] [45] [46] 52, 54, 57] . 15 studies also defined pain proportions by site, e.g. as bodily pain, head and neck pain, spontaneous or function-related pain, localized pain or referred pain. Studies reporting pain domain data were not subcategorized as studies that gave pain data as proportions unless they reported both pain domain data and percentages. Gellrich et al. [47] reported that 54% of oral cancer patients had "some type of pain". A study by Sato et al. in 2010 [28] reported spontaneous pain as 37% and function-related pain as 68% in a sample of 113 oral squamous cell carcinoma patients. Pain prevalence was 86% in another study conducted among squamous cell carcinoma head and neck cancer patients [7] . A study from India by Jagannathan et al. [48] reported that 84% of the head and neck cancer patients had any pain. The prevalence of pre-treatment pain among 13 oropharyngeal cancer patients was 69% [26] , and 60% of oral and oropharyngeal cancer patients reported pain as a symptom of cancer [29] . Logan et al. [38] reported pain data among five-year survivors of head and neck squamous cell carcinoma patients, which was 43%. Magne et al. [42] assessed pain in long-term followup patients with advanced head and neck cancers; they stated that over a two-to seven-year follow-up after completion of treatment 9% still suffered from pain. One study assessed pain at the week preceding death, putting it at 84% [55] . However, most of the studies reported only mean pain, either with standard deviation, confidence interval or range. Five of them presented their data on graphs, requiring estimation of an approximate value for the given scale [58] [59] [60] [61] [62] .
Combined estimate of pain prevalence from metaanalysis before treatment was 57%, 95% CI 43% -70% while combined estimate from meta-analysis after treatment was 42%, 95% CI 33% -50%, based on 12 and 19 studies respectively (Figures 2 and 3 ). In contrast, mean level of pain after treatment on scale 0 -100 was 17, 95% CI 12 -22, based on 21 studies (Figure 4 ). There was high level of heterogeneity (I2 > 90 for all three analyses).
Factors associated with head and neck cancer pain
Out of the 82 selected articles, 49 considered factors that are potentially associated with head and neck cancer pain ( Table 5 ). Most of them reported tumourrelated and treatment-related factors. Less than 50% of these studies examined several factors simultaneously. There were several studies conducted by the same authors on one study population. All of them were included in the review, because of stating different research questions and varying in data analysis. For example, van Wilgen et al. used the same study sample to first analyze the relationship between neck pain and type of neck dissection, number of dissected levels, radiation therapy and shoulder pain [49] and then to explore the impact of shoulder and neck morbidity after head and neck cancer treatment on patients quality of life [50]. Sato et al. started with elucidating significant factors associated with pain in their patient group [28] , to determine afterwards whether cancer pain was predictive of poor prognosis in patients [36] .
Non-cancer-related factors Age
Twelve studies assessed association of pain by age. [59] reported that Frenchspeaking Canadians complained of significantly more pain than did English-speaking Canadians and Frenchspeaking French head and neck cancer patients, even when controlled for possible socio-demographic and clinical predictors. In Taiwan, Huang et al. [76] described a statistically significant trend (P < 0.05), that head and neck squamous cell carcinoma survivors with higher annual family income had a better outcome on pain for the EORTC QLQ-H&N35 questionnaire than the ones with lower income.
Consumption of tobacco and alcohol
Pourel et al. [64] evaluated any possible association of tobacco and alcohol consumption with head and neck cancer pain in a sample of male and female oropharyngeal cancer patients of France and found no significant association. A multicenter cross-sectional study of 179 laryngectomised patients conducted by Danker et. al. [77] also resulted in no significant difference on pain scales between alcoholics and non-alcoholics. However, a cross-sectional study done in Canada with a sample of 271 oral, larynx and pharynx cancer patients reported a significant relationship between pain and alcohol drinking (P = 0.0033). In this study Allison [74] found that head and neck cancer patients who had consumed at least one alcoholic drink during the last month had significantly less pain scores. This finding goes contrary to the usual belief that continuation of alcohol after diagnosis of head and neck can worsen the pain and quality of life.
Other factors
Twelve studies described an association of pain with presence or absence of co-morbidities, presence or absence of metallic taste, survival and treatment prognosis, dental care, depression and anxiety and optimistic or pessimistic thoughts of patients. The presence or absence of co-morbidities was not significantly associated with pain [39, 64] . Logan et al. [38] reported metallic taste as a significant and independent predictor of spontaneous pain. Pain domain scores were significantly associated with survival and prognosis of head and neck cancer patients in two studies [24, 65] . Zwahlen et al.
[78] found a significant correlation for anxiety with pain and also stated that pain was related to higher levels of depression. In contrast, the prospective cohort analysis by Chan et al. [75] resulted in a significant association of depressive symptoms with poorer pain. However, after controlling for other variables, this association was no longer significant.
A prospective study in France by Allison et al. [79] involving a sample of oral cavity cancer patients described optimistic patients as having significantly less pain than their pessimistic peers in pre-treatment (P = 0.048) and post-treatment data (P = 0.047).
Cancer-related factors
Site of cancer
Ten studies examined an association of pain with primary cancer site [28,38-40,53, [80] reported that patients with laryngeal cancers had significantly less pain at diagnosis than those with tumours in the oral cavity. Infante-Cossio et al.
[71] noticed more pain in oropharyngeal cancer patients than in patients with oral tumours. Borggreven et al. [81] found a different association as in their study oral cavity tumour patients had significantly worse pain scores for QOL scales when compared to oropharyngeal tumours.
Tumour stage
A total of eleven studies evaluated the association of pain or pain domain data with tumour stage [27, 28, 36, 38, 40, 53, 65, 68, 71, 75, 83] . One study reported no significant association of TNM stage and clinical stage of oral squamous cell cancers with spontaneous pain [28] .
The same study revealed that pain in the endophytic group was higher than pain in the exophytic group (P < 0.05) and that pain in patients with histological grade II cancers had more pain than grade I patients (P < 0.05). Dirix et al. [40] found that TNM classification and clinical stage were not significantly associated with oral pain. The study by Logan et al. [38] also revealed that tumour stage at diagnosis was not associated with pain scores. Schliephake et al. [65] reported a significant association of pain domain data with cancer stage.
Another study found that patients with advanced-stage cancers (stage T3 and T4) had significantly more pain than those with T2 tumours [83] . Infante-Cossio et al.
[71] described similar findings. In their study patients with end-stage tumours (stage III and IV) had more pain compared with patients with stage I and II cancers (P < 0.01). An increased level of spontaneous pain and functional restriction due to pain was observed in patients with nodal disease in a study by Connelly and colleagues [27] .
Tumour size
Only a few studies examined pain data with regard to different tumour sizes. Connelly et al. [27] reported no correlation between the tumour size and pain levels in 16 oral squamous cell carcinoma patients. Lam et al. [35] reported the same result in their cross-sectional study on 44 patients in 2011, but Singer et al. [66] found a significant association with pain and tumour size at the time of surgery (P < 0.02) for 323 laryngeal cancer patients.
Treatment-related factors
Overall, 24 studies evaluated the association of different types of treatment with pain severity, with 15 of them finding a significant correlation. In three studies surgically treated patients suffered from more pain than non-surgically treated patients [84] [85] [86] .
Tschudi et al. [87] found different results where the non-surgically treated group had significantly more pain than the surgically treated group of patients with or without post-operative radiotherapy (P = 0.004). This difference was not observed with the EORTC QLQ-C30 scale. Patients with total laryngectomy had higher pain scores than partial laryngectomised patients or patients receiving other types of treatment in three studies [66, 88, 89] . Two studies reported that the combination of surgery and radiotherapy led to more pain in patients when compared to patients treated with surgery or radiotherapy only [62, 90] . Other studies described more pain among patients who were treated with chemoradiotherapy when compared to patients who had undergone other treatment methods [54, 82] .
In addition, nine studies compared pain levels at different stages of treatment, such as before, during and after treatment or shortly after treatment and after a longer period of time. Six resulted in a significant association. Hamid et al. [62] examined longitudinal changes in the pain scales of a surgical, radiotherapy and combined treatment group. In all groups pain was significant worse during treatment when compared to pretreatment. Moreover, patients in the radiotherapy group had significant worse pain three and six months after completion of treatment than before treatment.
A study conducted in the USA included head and neck cancer patients from early recovery (1 -2 months post treatment), mid recovery (4 -6 months post treatment) and late recovery (10 -14 months post treatment). It found that patients in the early stage of recovery had significant higher pain levels than the ones in the middle stage, which means that pain scores declined over time as patients recovered from the toxicities of therapy. However, the symptom did not completely resolve even in the late stage of recovery [67] .
DISCUSSION
This systematic review on the prevalence of head and neck cancer pain and associated factors is the first review of its type. Previous reviews had been conducted on the prevalence of pain in patients with cancer [91,92] and two reviews had been done on the prevalence and associated factors of orofacial pain [93, 94] . Williams et al. [57] conducted a review of the literature on the prevalence of pain in head and neck cancer patients as part of their study. They presented pain prevalence data of 17 studies, but no data on associated factors.
Literature search and selection of publications
The electronic literature search was conducted using three databases with the intention of retrieving all original reports that meet our aims in this review. It is generally accepted, however, that only a proportion of research projects are published in indexed journals and are readily available for systematic reviews [95] . This results in reporting bias in a review. Sterne et al. [95] further point out that a systematic review of published studies can lead to publication bias as studies with significant results are more likely to be published than studies with negative results. This review was limited to publications in the English language due to a lack of resources to translate articles published in other languages. This might have resulted in language bias in this review. However, the extent and effects of language bias have been recently reduced with the trend of publishing studies in the English language [95] . studies was carried out by two reviewers independently to minimize the errors of judgment.
Reporting of pain prevalence data
The results of this systematic review show that few studies have primarily been conducted to assess the prevalence of pain in head and neck cancer patients. The majority of studies only reported pain data as a part of QoL assessment in these patients. When all the studies with pain prevalence data were considered, irrespective of their methodology, the pain prevalence data ranged from 9% to 98%. There was heterogeneity between studies due to variation in study design, primary site of cancer, stage of cancer, treatment modality, method of pain evaluation, pain definition used and the age of study participants varied greatly in these studies. For example, Camp et al. [44] reported that moderate to severe pain among a sample of base of tongue carcinoma patients was 9%. If mild pain were considered pain as well, the prevalence would have increased further. Ear pain in a group of patients with squamous cell carcinoma of the tongue was 20% [30] , and pain in the throat was 23% among 30 hypopharyngeal cancer patients [31] . However, the majority of studies reported pain prevalence of more than 30%. Therefore, it is apparent that pain in head and neck cancer patients is a significant problem. Systematic reviews conducted on the prevalence of breast cancer pain were confronted with similar problems as this review was. Andersen et al. [97] reported difficulties in exact interpretation of prevalence as studies selected for their review used different questionnaires to assess pain, thus varying in measurement methods and anatomical location. They reported the prevalence of the Post Mastectomy Pain Syndrome (PMPS) at around 25% and the prevalence due to a wider definition of persistent pain after breast cancer treatment at around 50%. A pan-European survey of cancer-related pain [7] reported difference in pain prevalence by cancer type.
Patients with the highest prevalence of pain (over 85%) were those with cancers of the pancreas, bone, brain, lymphoma and head and neck. The heterogeneity of pain prevalence data in studies of this review can be due to several factors. Some studies selected specific head and neck cancer subsites, whereas some studies were conducted on all available head and neck cancer patients. Some studies included all cancer stages, whereas some authors considered early-stage head and neck cancer types only. The selection of participants also varied in studies, with some studies done on a convenient sample of head and neck cancer patients. Study design, sample size, response rate, data collection method, study instrument and other methodological issues can account for the differences in prevalence rates. On the other hand, several factors can affect pain among head and neck cancer patients. It is a known fact that pain is associated with psychological factors such as anxiety and depression. However, as most of the selected studies were QoL assessment studies, they did not assess the association of pain with psychological factors. Information on pain medication before or during study may be useful in the correct assessment of pain prevalence of head and neck cancer patients unless participants are selected prior to the administration of any treatment. The possible effect of bias and confounding on reported pain data has to be considered. Most of the studies, however, did not report their efforts to minimize bias and adjustments done for possible confounders.
The authors used different tools to assess pain. The data collection tools used in these studies varied from pain intensity scales such as VAS to the use of multidimensional pain instruments like "brief inventory". Most common were QoL questionnaires as the primary goal of many studies was to assess the quality of life of head and neck cancer patients. The discrepancies in reported pain data by different authors may be due to the different pain assessment tools used in data collection. However, van den Beuken-van Everdingen et al.
[91] point out that the use of validated or invalidated questionnaires or interviews was not responsible for the heterogeneity of pain prevalence rates in their review. They further suggest using multidimensional tools in pain-related research as these tools facilitate the comparison of studies. The EORTC QLQ-C30 and H&N35 were common among the studies. EORTC QLQ-C30 uses a Likert scale of 0-100, with a higher score indicating a higher level of symptoms or problems. Chandu et al. [98] mention that these scores can be left as raw scores or can be translated into percentages. When % best score is reported readers can get an idea of the percentage of participants who were pain-free at the time of questionnaire administration and vice versa. However, only a minority of studies that used EORTC QLQC-30 or H&N35 reported % best score and worst score in either tables or texts. week, the interference of pain with daily activities and the use of pain killers [99, 100] . The UW-QOL is similarly designed, asking about the severity of pain over the last seven days [46] . Overall 61% of the studies in this review only asked about the pain during the past week. 22% did not even specify the time period of experiencing pain ( Table 5 ). None of them asked about chronic pain lasting for a long period of time and few contained questions addressing the exact site of pain. Therefore, only limited information on pain prevalence and pain characteristics is provided by studies collecting pain data with QoL questionnaires.
Reporting of associated factors
Pain can be associated with the tumour itself and treatment modality, but it also may be related to factors such as age, gender, ethnicity, smoking or drinking.
We expected to find information on all of the different variables. Education level, consumption of tobacco, co-morbidity and dental care were the only factors for which no study included in the review reported a significant association. Several studies found significant correlations of the other factors with pain. However, this information was not sufficient to reach a reliable conclusion on the aetiological factors of pain in head and neck cancer patients, as their results varied greatly. We could not explain the differences in these findings due to methodological issues in these studies. While some studies used a random sample of head and neck cancer patients, others used a convenient sample of patients. Sample size and participation rate, bias, and confounding factors can also play a role in these findings.
Treatment-related factors were most often shown to be significant associated with head and neck cancer pain. The findings suggest that the type of treatment given to a patient can have a great impact on the pain he or she is experiencing. Moreover, results of this review show that pain values often increase during treatment and stay on high levels in the period following surgery, radiotherapy or chemotherapy. It can take up to six months or even longer until pain reaches levels comparable to the time before treatment. These findings are consistent with the review by Epstein et al. [94] , who pointed out that orofacial pain improves following treatment and in many cases does not return to its baseline value. Therefore, a proper management of head and neck cancer pain is an essential part alongside cancer treatment.
Quality assessment
This review was done on observational studies, and quality assessment of selected studies was done based on a checklist designed using available checklists for observational studies.
It was challenging to decide on the study design used in some of the articles as this is not reported in the methodology. Some authors report the study design as a retrospective or a prospective study. The STROBE statement [21] has been developed to strengthen the reporting of observational studies. This is similar to the CONSORT statement of reporting randomized control trials [101] , but a recent publication has shown the quality of reporting of observational studies to vary considerably. The STROBE statement recommends that authors refrain from simply stating a study as being "prospective" or "retrospective" because of the illdefined nature of these terms [21] . It also recommends that authors of observational studies present study design at the end of the introduction or in the methods section.
Methodological problems of definitions used in the selected studies
The pain definitions used in the selected studies varied greatly. Some studies describe "any pain" while some report pain by its intensity, such as "mild, moderate or severe". Most of the studies do not report the pain assessment duration. Most of the selected studies were not specifically designed to assess pain prevalence and/ or associated factors. Most of the studies present pain data as part of a quality assessment study of head and neck cancer patients. It was a limiting factor in this review.
As most studies in this review were not designed to specifically measure pain, they did not report pain descriptors. Study from Norway [114] showed that cancer patients used several pain descriptors, and "aching" was the most frequently used. Although the verbal descriptors provide valuable information regarding the pain experience, it is not possible to differentiate pain mechanisms simply based on pain descriptors. Another shortcoming observed in this review is the lack of reporting of cancer stage classification.
Recent articles use the American Joint Committee on Cancer (AJCC) classification, whereas earlier articles use the International Union against Cancer (UICC) classification for staging. There were articles that report cancer stage but not the classification used for cancer staging. Some articles report only TNM or TN stages. We selected few studies that report pain in head and neck cancer patients without any subsite specification. When the umbrella term of "head and neck" is used, it may include cancers that we wanted to exclude in this review. So this could have introduced selection bias to this review. Some studies specify head and neck cancers such as pharyngeal and laryngeal and include some cancers under the term "other". Only a few authors describe the cancers included under term "other". We included all hypopharyngeal cancer studies in this review. It was not clear in some studies, however, whether pyriform sinus cancers were included or not when the broad term "hypopharyngeal cancers" was used.
Head and neck cancers include many different types of cancer. The aetiology and histopathology of cancers may vary from each other, making it difficult to go for a direct comparison. Some studies were conducted on a convenient sample of head and neck cancer patients, and they did not consider the differences in cancer type and different cancer stages. Very few studies were conducted selecting a specific group of head and neck cancer patients, paying attention to tumour stage and different treatment modalities and other factors that affect the generalizability of results.
Generalizability
The majority of studies in this review were conducted in European countries, followed by the United States and Canada; only a few studies were conducted in developing countries. A few studies used multiethnic groups but did not report pain prevalence data by ethnic group. Most of the studies did not report the ethnic group of the study sample. The prevalence of head and neck cancer and cancerrelated pain can vary within cultures, and aetiological and geographical changes can also play a role. Allison [59] found a significant association between head and neck cancer pain and cultural groups after controlling for other possible socio-demographic and clinical predictors of health-related quality of life. Therefore, the results of this type of review may not be generalizable to other populations.
With respect to cancer pain mechanisms, cancer and immune cells in the area of tumour release neuroimmune mediators that interact with a variety of receptors. Also, tumours growing in the vicinity of peripheral nerves can compromise the integrity of the nerve, inducing a neuropathic condition accompanied by persistent pain [115] . Both of these actions of tumours on peripheral nerve can result in central sensitization. Systematic review of prevalence and aetiology of neuropathic pain in cancer patients, which aimed to identify the prevalence of neuropathic mechanisms in patients with cancer pain, highlighted the need for a standardised approach or taxonomy used for assessing neuropathic pain in patients with cancer in order to improve treatment outcomes [116] . The review also showed that the proportion of pain caused by cancer treatment was higher in neuropathic pain compared with all types of cancer pain. This review did not consider studies of head and neck cancer pain management. However the review of oral cancer pain by Dios and Lestón [117] showed that the literature on oral cancer pain management was sparse. Oral cancer pain management requires multimodal approach but there is no evidence of the efficacy of non-pharmacological methods such as acupuncture or transcutaneous nerve stimulation. 
CONCLUSIONS
It is apparent from the available data that pain in head and neck cancer is a significant problem. Even though minimal research has been done regarding pain in cancer survivors of five years or more and the pain of patients dying of cancer, the available data suggest that a significant percentage of patients suffer from pain after completion of treatment. With advanced cancer treatment methods, the numbers of head and neck cancer survivors are increasing but their quality of life would be affected significantly if pain is not properly addressed. Therefore, screening programmes for timely identification of pain in patients with head and neck cancer are necessary. Questionnaires assessing cancer pain can be effective components of such a programme and can provide clinicians with a screening tool for targeting and treating pain at an early point of the treatment period [67] . This review has also shown the need for good-quality epidemiological studies directed at the assessment of head and neck cancer pain and associated factors. Future studies should pay much attention to methodological issues in study conduct and reporting.
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